INTRODUCTION

SUBJECTS AND METHODS
Biological material
Human testicular and epididymal tissues were obtained from six fathers, aged 27 to 32 years, who had experienced accidental death and had no history of pathology that could affect reproductive functions. Male rats of 7, 14, 21, 28, 60 and 120 days were purchased from the Experimental Animal Centre of Binzhou Medical College, Yantai, People's Republic of China. All experiments were approved by the Ethics Committee of YuHuangDing Hospital.
Immunohistochemistry of testis and epididymis
Testicular and epididymal tissues were immersed in Bouin's fluid and embedded in paraffin by the hospital pathology department. Six-micrometre sections were then deparaffinized in toluene and rehydrated in alcohol. The 1:50 diluted anti-GRP78 antibody (sc-1501, Santa Cruz Biotechnology, California, USA) was applied overnight at 4°C. After three washes in PBS-T (phosphate-buffered saline (PBS) containing 0.05% (v/v) Tween 20), the sections were incubated for one hour at room temperature with peroxidase conjugated anti-goat IgG secondary antibody (ZhongShan Biotechnology Co, Beijing, China). The peroxidase activity was revealed by using a DAB kit (ZhongShan Biotechnology). Negative controls were performed by using the same concentration of commercial goat IgG instead of polyclonal antibodies of GRP78. Finally, sections were counterstained with Harris's haematoxylin and mounted in water-based medium containing glycerol and Mowiol (Calbiochem; EMD Biosciences Inc, La Jolla, California, USA) as preservatives. Slides were observed with a Leica microscope.
Western blotting
Samples containing 50 µg protein from the 7-, 14-, 21-, 28-, 60-and 120-day rat testes and epididymides were electrophoresed on 15% SDS polyacrylamide gels and transferred to a polyvinylidene fluoride (PVDF) membrane filter (Millipore, Billerica, Massachusetts, USA). The filters were blocked in PBS containing 5% (w/v) non-fat milk powder for one hour and then incubated for two hours with a 1:100-diluted anti-GRP78 polyclonal antibody. They were washed three times with PBS. The filters were then incubated for one hour with horseradish peroxidase (HRP)-conjugated antigoat IgG (ZhongShan Biotechnology). Specific proteins were detected with a DAB kit. On the same gels, a 1:250-diluted anti-GAPDH polyclonal antibody (sc-1615, Santa Cruz Biotechnology) was used as reference protein to verify the amount and integrity of the protein.
RESULTS
The localization of GRP78 in the testis
Glucose-regulated protein 78 was expressed in almost all cell types that colonized the seminiferous tubules with the exception of spermatogonia (Fig. 1B) . A stronger GRP78 signal was observed in the cytoplasm of spermatocytes and round spermatids (Fig. 1D ) forming a ring around the nucleus. As human testis of different ages was not available, the rat model was used to investigate the expression of GRP78 during testicular development. Western blot showed that GRP78 was first detected on postnatal day 14. Thereafter, the protein level increased gradually with age and maintained at a high and stable state after postnatal day 28 ( Fig. 2A) .
The result of immunohistochemistry of the testis was consistent with Western blot but revealed much more information. At day 28, GRP78 was detected in almost all the spermatogenic cells except the spermatogonia in the rat seminiferous tubules and located in the cytoplasm around the nucleus. A weak staining was also observed in the cytoplasm of interstitial cells (Fig. 2B) .
The localization of GRP78 in the epididymis
Glucose-regulated protein 78 was expressed in epithelial cells of the caput, corpus and cauda epididymis and the signal increased gradually. A strong signal of GRP78 was detected in principal cells of the epididymis. In the caput, GRP78 was mainly detected in the cytoplasm in the infranuclear region whereas the signal was stronger in the cytoplasm in the supranuclear region in the corpus. In the cauda, the strongest GRP78 signal was observed on the apical side of the epithelial cells (Fig. 3) .
It is noteworthy that in the caput epididymis of the rat, the lowest intensity was found in the caput while the highest was noted in the corpus and cauda segment. These results support the differential expression of GRP78 throughout the different anatomical segments of the epididymis. Western blot analyses were consistent with the results obtained by immunohistochemical approaches. In the clear cells of the rat corpus and cauda, there was a completely negative signal region with checkerboard pattern in the epithelium of the rat epididymis (Fig. 3) . spermatocytes throughout meiosis and remains in spermatids and spermatozoa (8) . This protein has been identified as a component of the synaptonemal complex required for fulfilling meiosis and linked to mechanisms that inhibit apoptosis in male germ cells. Glucose-regulated protein 78 is closely related to HSP70-2 and shares over 61% aminoacid sequence similarity with it. In mouse testis sections, strong GRP78 staining was observed from pachytene spermatocytes to postmeiotic germ cells but not in spermatogonium and other cell types.
In the present study, we have identified that the expression of GRP78 protein is significantly higher in adult rat testes than in juvenile ones by both Western blot and immunohistochemical analysis. The current study also showed that GRP78 expression in testis increased gradually with age and its localization in different regions of the epididymis indicated the dynamic secretory mode of GRP78. The result strongly implied that GRP78 was involved in the process of mammalian spermatogenesis.
Glucose-regulated protein 78, also known as BiP, has been shown to be a molecular chaperone and Ca 2 + binding protein (17) . It is expressed in many cell types and localized in the endoplasmic reticulum (ER). Strikingly, the transcription of GRP78 is highly induced in response to cellular stress. Potent inducers of GRP78 transcription include glucose starvation, oxygen deprivation, and treatment with thapsigargin (Tg), which depletes the ER Ca 2 + store. Therefore, in addition to its housekeeping functions such as protein folding, GRP78 can also serve a protective role under physiological conditions. A large number of studies have demonstrated a correlation between induced expression of GRP78 and resistance to apoptotic death in somatic cells, particularly in progressively growing tumours (13) . 
DISCUSSION
Glucose-regulated protein 78 belongs to the HSP70 family. Members of this protein family are chaperones containing ATP binding/hydrolysis activities that mediate their ability to aid in protein folding, transport and assembly by coordinating the sequential binding and release of the protein substrate (16) . In mice, the HSP70 family contains at least seven different proteins and several of them have been demonstrated to have a critical role in spermatogenesis. One example is HSP70-2 protein; its expression is high in pachytene Glucose-regulated Protein 78 in Testis and Epididymis Similar to tumorigenesis, spermatogenesis is a dynamic and complex process involved in massive cell proliferation and differentiation. Normal spermatogenesis is highly dependent on well-balanced germ cell proliferation, differentiation and apoptosis (18) . The control of apoptosis is especially important. It plays a critical role in limiting the testicular germ cell population during male development and also serves to eliminate germ cells with altered DNA. In the adult testis, physiological apoptosis occurs at various phases of spermatogenesis. The most common pathway during germ cell death is the Fas-Fas ligand pathway and the pathway of apoptosis through the release of cytochrome c from the mitochondria, and subsequent activation of caspases have also been found essential for spermatogenesis (19) . However, the molecular mechanisms that govern germ cell apoptosis are largely unknown.
Various genes have recently been demonstrated to have pro-or anti-apoptotic activities in regulating the process, including those encoding p53, transcriptional activator cyclic AMP response element modulator (CREM), HSP70-2 and several other proteins (20) (21) (22) . The differential expression of GRP78 during spermatogenesis has been found in the present study, combined with its anti-apoptotic activity in other tissues, leading to the hypothesis that it may exert the same function in testis. There is accumulating evidence that the cellular distribution analysis of GRP78 in murine and human testis shows a high expression in pachytene spermatocytes. The nuclei of pachytene spermatocytes enlarge greatly as the chromosomes become shorter and thicken. Pachytene cells also exhibit an increase in RNA and protein synthesis in preparation for the next phase. These observations suggest that GRP78 performs an important function in the process of spermatogenesis.
